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Potential Vegetation and Eoldridge Life Zones Across the Northern
Sierra Nevada (57 pp.)
Director:

John M. Crowley

—

This study involves an application of the Eoldridge model along
a transect across the northern Sierra Nevada. The model, devel
oped by Leslie R. Eoldridge, was designed to predict or infer
vegetation from climatic data. The model incorporates only
climatic factors for which data are available on a global scale.
These factors are heat, precipitation, and the évapotranspiration
ratio. The model assumes a direct relationship between climate
and vegetation, and disregards all other environmental factors.
The study transect is a forty-kilometer-wide strip extending
from Sacramento, California, to Lovelock, Nevada, along the route
of Interstate 80. Along the transect, great differences in tem
perature, precipitation, and vegetation are found over a relatively
short distance. Weather stations, within and near the transect,
were the sources of the climatic data.
One map was constructed of the potential vegetation of the
transect and another was made of the "natural life zones" resulting
from the application of the Eoldridge model. The two maps were
then compared to determine the ability of the model to infer vege
tation in a temperate area.
The model failed to accurately predict the vegetation in
approximately one-half of the transect. This poor performance
is considered unacceptable and may be due to the following
shortcomings which were found to be present within the model:
(1) The model does not take into account the seasonal attributes
of precipitation.
(2) The model lacks life zones that would
accommodate grassland vegetation, except perhaps short-grass
steppe.
(3) Eoldridge did not clearly illustrate or describe
the vegetation types that are named on the model.
The conclusions reached by this application of the Eoldridge
model provide no evidence to recommend its further use in
temperate areas.

ii
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CHAPTER I

INTRODUCTION

Purpose of the Study
Leslie R. Holdridge, an ecologist, developed a model designed
to predict or infer vegetation from climatic data.

His model was first

published in an article in Science entitled "Determination of World
Plant Formations from Simple Climatic Data" (Holdridge, 1947).
The Holdridge model assumes a direct relationship between
climate and vegetation, and disregards all other environmental factors.
Weather station data concerning temperature, precipitation, and
humidity are incorporated in the model to determine the plant formation
of a given area.

In this way, a "global categorization" of vegetation

can be accomplished (Holdridge, 1964, p. 9).
While its possible utility went largely unrecognized by North
American geographers and ecologists, Holdridge was refining and field
testing his original model in the American tropics.

The application

of this system has been directed primarily toward Latin America.

The

Organization of American States has used it to map large areas in the
tropics and subtropics, with emphasis on Costa Rica, and to estimate
agricultural potential.
Harris (1973, p. A190) stated, "The Holdridge system shows
potential promise of being a very useful tool in classifying life
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zones in sparsely populated areas, but it badly needs evaluation."

He

indicated that, in the case of Costa Rica and the rest of the American
tropics, the identification of key associations is made extremely
difficult because of the many species of plants that are present.

A

more valid application of the model might be made in a temperate
environment where the number of plant species is considerably less and
plant indicators are more obvious.
If the Holdridge model is to be used to infer or predict
vegetation on a world scale, the use of the model cannot be limited
to one region.

The purpose of this thesis is to apply the model in

temperate mountains that exhibit great differences in temperature,
precipitation, and vegetation over a relatively short distance, and
where previous studies of the potential vegetation of the area can be
used for verification.

Kuchler (1964, pp. 1-2) defines potential

vegetation as
. . , the vegetation that would exist today if man were
removed from the scene and if the resulting plant succes
sion were telescoped into a single moment. The later
point eliminates the effects of future climatic fluctua
tions while the effects of man's earlier activities are
permitted to stand.
If a reasonably close correspondence exists between the distribution
of actual potential vegetation and the plant formations predicted
through the use of the model, there is evidence to support the Holdridge
system and its expanded use.
Harris (1973, p. A190), " . . .

If little correspondence exists, stated
then it needs to be abandoned before

too much effort is expended on it."
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The Study Area
Location
The study area is a 322 km. long transect across the northern
Sierra Nevada, extending from the Central Valley of California to the
Basin and Range Region of Nevada.

The transect is 40 km. wide and

extends along Interstate Highway 80, from Sacramento, California, to
Lovelock, Nevada.

Reno, Nevada, and the northern Lake Tahoe area are

roughly in the center of the transect (Fig. 1).

This particular study

area was chosen to test the Holdridge model because:

(1) it has a

great range and variety of biophysical conditions in a short distance,
(2) its potential vegetation has been fairly well studied, (3) it has
a more dense network of weather stations than most other mountain
areas, and (4) it is rather accessible.

Physiographic Regions
Central Valley.

The Central Valley is a great alluvial plain

in the central portion of California, between the Coast Ranges and the
Sierra Nevada.

Burcham (1957, p. 65) has referred to the Central

Valley as one of the most notable structural depressions in the world.
The Sacramento River flows through the northern one-third of the
Central Valley, and is included in the southwestern end of the study
area.

This area is commonly known as the Sacramento Valley.

Much of

this plain is only slightly above sea level, ranging from less than
6 m. at Sacramento to about 150 m. along its eastern margin.

It is

made up primarily of giant, coalescing, very gently sloping alluvial
fans.
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Sierra Nevada.

The Sierra Nevada is a massive mountain range

that forms a rampart along approximately 725 km. of California east
of the Central Valley.

It is a tilted fault-block presenting a high,

steep, rugged scarp on its eastern side, and a fairly gentle western
slope.

The middle part of the western slope is cut by deep canyons

separated by considerable stretches of rolling uplands.

The steeper

eastern slope is cut by deep gorges with intervening sharp-crested
ridges.
Great Basin.

The northeastern end of the study area is

included In the Great Basin section of the Basin and Range physio
graphic province.

This region is of fault-block structure, composed

of roughly parallel mountain ranges alternating with broad basins
which may be open at one or both ends.

The basin floors are character

istically made up of coalescing alluvial fans or old lake beds.

The

region is further characterized by interior drainage with both
permanent and intermittent lakes, most of which are very salty.

Most

of this region is semiarid to arid, with the dryness becoming more
intense in the lower elevations.

Elevations within the Great Basin

sector of the study area generally are from 1220 to 1830 m. above sea
level.

Climate
Within the length of the transect, yearly precipitation means
range from less than 101 mm. to greater than 2032 mm., and yearly
temperature means range from less than 4.4° C. to greater than 15.5° C.
The Sacramento Valley has a Mediterranean climate.

Nearly all

of its precipitation falls in the form of rain during the cooler months.
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The summer is hot and dry.

The winter is mild and the yearly tempera

ture range is less than in the other physiographic regions.
Precipitation in the Sierra Nevada, as in the Central Valley,
is markedly seasonal.
summer.

The maximum is in winter and the minimum is in

The altitude of greatest precipitation in the Sierra Nevada

is between 1524 and 1981 m. on the western slope.

Above this zone of

maximum precipitation, there appears to be a fairly constant decline
with increasing altitude, estimated to be approximately 10 mm. per
30.5 m. rise CSmiley, 1921, p. 21).

The western slope receives much

of its moisture in the form of winter snow, with up to 18 m. per year,
the largest maximum recorded in the United States, being found there.
On the eastern slope, the crest is the altitude of greatest precipi
tation, and there is a continuous decline to the floor of the Great
Basin.

Temperatures in the Sierra Nevada are largely determined by

altitude, with sites on the eastern slope being generally cooler.

In

progressing from the foot to the top of the range, the climates of
the Sierra Nevada are Mediterranean in the foothills and on the lower
western slopes, dry summer montane on the upper slopes, and subalpine
on the Crestline.

The alpine climate is not encountered in the study

transect, but it is extensive further south in the Sierras.
The lowest precipitation means in the study area occur in the
Great Basin.

Precipitation in the eastern half of this region is

fairly evenly distributed over the year.

Much of this area receives

only about 100 mm. per year and has a cold winter desert climate.
Areas situated closer to the Sierra Nevada are more directly influenced
by the prevailing Pacific winds and receive slightly larger amounts of
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precipitation, mostly in the form of winter snow.
winter semiarid steppe climate.

They have a cold

A few stations have no month with the

average temperature below freezing and fall into the mild winter
category.

Previous Vegetation Studies
When testing an hypothesis, there must be some basis for
control and evaluation.

Several studies of potential vegetation have

been conducted in the region.

These studies were used to compile the

map of the potential vegetation of the transect (Plate I), which is
employed to evaluate the map of the transect that resulted from the
application of the Holdridge model (Plate II),

Climatic Data
Unlike many areas with pronounced physiographic and climatic
differences over a short distance, the transect chosen for this study
has numerous stations that record weather data.

These data are

necessary to use the Holdridge model, and a study area that does not
have sufficient weather stations would not permit a proper application
of the model.

The stations used are shown on Plates I and II and are

listed in Tables 1 and 2.

Accessibility
An evaluation of the Holdridge model in rugged terrain, such
as the study area between Sacramento and Lovelock, depends on acces
sibility to each region to conduct field work.

Interstate 80 runs

the entire length of the study area, and several other highways cross
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the transect.

Moreover, were it not for the presence of many settle

ments and the accompanying lines of communication, the numerous weather
stations probably would never have been established.
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CHAPTER II

THE POTENTIAL VEGETATION ZONES

To evaluate the ability of the Eoldridge model to predict
vegetation, it was necessary to determine the vegetation types present
in the study area.

The California half of the transect includes the

red fir forest, mixed conifer forest, California oakwoods, and
California grassland vegetation types.

The Nevada half includes the

lodgepole pine subalpine parkland, mixed conifer forest, juniper
steppe, sagebrush steppe, and the shadscale-greasewood desert (Plate
I).

Existing Studies of the Vegetation
Little of the area between Sacramento and Lovelock presently
supports potential vegetation.

Agriculture, logging, highway construc

tion, urbanization, recreational development, and other human activities
have greatly modified the vegetation.

Because of these man-made

modifications, the map entitled "Potential Vegetation Across the
Northern Sierra Nevada" (plate I) was compiled from studies done
previously of the potential vegetation of the area, combined with
field observations by the author.
Several studies were found to be useful in compiling the map
of potential vegetation in California (Smiley, 1921; Klyver, 1931;
Costing and Billings, 1S43; Munz and Keck, 1949; Burcham, 1957) and in

9
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Nevada (Wilson, 1941; Billings, 1945 and 1949).

A, W. Kuchler's

Potential Natural Vegetation of the Conterminous United States (map
and manual, 1964) was also of great assistance in conducting this
study.

The author was not personally familiar with the transect before

this thesis was undertaken.

Field work consisted of becoming familiar

with each potential vegetation type, collecting specimens of key plant
species, comparing maps done previously with actual vegetation types
at specific sites, and becoming generally acquainted with the study
area.
A major difficulty in the construction of Plate I was caused
by the differing terminology contained in the various studies that
were consulted.

For example, the mixed conifer forest was referred to

by Smiley C1921, p. 277) as the "Upper Transition Forest," by Munz and
Keck (1949, p. 99) as the "Yellow Pine Forest," by Burcham (1937,
p. 81) as "Coniferous Forest," and by Kuchler (1964, p. 5) as "Mixed
Conifer Forest."

Similar problems were encountered with the California

oakwoods, California grassland, and juniper steppe.

The names used in

this study correspond roughly to those used by Kuchler.

Problems were

also encountered concerning conflicting statements about elevational
ranges and precipitation requirements of the various vegetation types.
Because of this, many of the figures used in this study are generalized.
Existing maps of the vegetation of the study area could be
used only to give an approximation of the location of each vegetation
type.

Map scales were either too small (Kuchler, 1964) to be relied

upon heavily, or the maps portrayed some areas as being under cultiva
tion (Jensen, 1947), commercial and non-commercial forests (Forest
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Statistics for California, 1954), or industrial and urban areas
CWeislander and Jensen, 1946).
Many of the problems in finding useable reference material
resulted from the comparatively large scale of the transect.

Most

previous studies involved the entire range of vegetation types found
in California and Nevada.

However, with the information provided by

these more general studies combined with field observations, the
accuracy of the resulting map (Plate I) of the potential vegetation
is considered sufficient for the purpose of this study.
The climate of each of the weather stations was classified
according to the Koppen system using the procedure described by
Critchfield (1966, pp. 148-51).

The freezing point of water, 32° F . ,

was used to distinguish between C and D climates.

Figures for

elevation and precipitation have been converted to meters and milli
meters, respectively, so that the units of measure are the same as
those of the Holdridge model.

All elevations given in this study are

above sea level.
Profiles of the west and east slopes of the Sierra Nevada were
constructed and placed with the mountain crest towards the map traverse
on Plates I and II.

The reader can turn the map traverse lengthwise,

view it from the Nevada side, for example, and see both the horizontal
pattern on the map traverse and the vertical arrangement on the
profile simultaneously.

The horizon on the California-side profile

is the actual Sierra crest and, on Plate I, includes the California
red fir forest as the highest zone.

The horizon on the Nevada-side

profile is the crest of the Basin-and-Range ridge just east of Lake
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Tahoe and, on Plate I, shows the lodgepole pine subalpine parkland as
the highest zone.

Lodgepole Fine Subalpine Parkland
The single parcel of lodgepole pine subalpine parkland in the
transect surrounds the summit of Mt. Rose just north of Lake Tahoe.
This is the highest land in the study area, extending from approxi
mately 2438 m. to 3285 m.

The term "parkland" is used here to indicate

rather open stands in which the tree cover is 10-60 percent.

It

combines the woodland (25-60 percent tree cover) and savanna (10-25
percent tree cover) structural types of Dansereau (1958).
Several conditions contribute to the quite open character of
the lodgepole pine subalpine parkland in its upper reaches.

Nearly

vertical slopes and expanses of bedrock outcrop prevent tree growth
in many areas.

Many of the peaks and ridges are not wooded near their

summits because of crippling and drying wind conditions and because
of accumulations of talus which prevent seedlings from taking root.
Smiley (1921, p. 283). stated that below many talus slopes in the Lake
Tahoe region, " . . .

marsh conditions prevail due to the seepage of

water from the slopes, and the trees are kept at a distance."

Either

singly or combined, the preceding conditions create the parkland
effect in this vegetation type.
The climate of the lodgepole pine subalpine parkland zone is
subalpine with a Mediterranean regime.

Average precipitation is from

762 to 1524 mm. per year, with amounts as low as 381 mm. occurring on
the east side of the crest (Munz and Keck, 1949, p. 101),

Most
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precipitation falls as ifinter snow.

Frost is possible in every month,

ïfith summer maximum temperatures near 21.1° C. in the lower reaches
while maximums in the higher elevations are probably not over 18.3° C.
Violent winds have a pronounced effect on the vegetation of
the area, and wind-deformed trees are a characteristic feature of the
higher summits.

In the Lake Tahoe region, the winds most often

determine the limits of tree growth.

On the windward side of a peak,

tree growth, is often absent for hundreds of meters from the summit
while, on the lee side, trees of normal shape extend to the top,
Smiley C1921, p. 275) stated that these winds are " . . .

probably the

most effective agents for restricting the vertical limit of species."
Lodgepole pine (Pinus conforta) is the principal dominant of
the stands in the lower elevations of this zone.

It is found in

nearly pure stands over its entire range, thinning out appreciably as
it approaches its 2896 m. elevational limit.

Fully mature trees range

from 12 to 15 m. tall in rather open stands.

Where lodgepole pine

grows on moist slopes and around meadows, quaking aspen (Populus
tremuloides) is associated with it.

Some of the other components that

are associated with lodgepole pine are paint brush CCastilleja
culbertsonli) , lousewort ÇPedicularis attolens), and cinquefoil
(Potentilla Brewer!).
At higher elevations, the parkland is dominated by whitebark
pine (Pinus albicaulis), foxtail pine (P. balfouriana), and mountain
hemlock (Tsuga mertensiana),
tall.

Healthy, mature trees are 12 to 15 m.

Height decreases and Krumholtz forms become more common near

the peaks.

The most luxuriant stands of these high elevation trees
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occur on the east slopes of the Sierra crest due, in most part, to
protection from the wind.

Components of the shrub and herbaceous

layers include willow ÇSallx petrophlla), squaw current (Ribes cereum),
and beard tongue (Fentstemon heterodoxus).

Red Fir Forest
The two parcels of red fir forest in the study area are
located on a secondary Crestline between California Highway 89 on the
east and the town of Lake Spaulding on the west.

They are separated

from each other by Donner Pass, over which Interstate 80 was constructed.
Within the study area, the red fir forest is found at elevations from
1981 to 2590 m.
exposure.

Its elevational limits may vary with changes in slope

The zone in which red fir is climax is limited to about 305

m, of vertical amplitude in some places (Oosting and Billings, 1943,
p. 2731.

In order to be classified as forest, the type must have

over 60 percent cover by trees (plants taller than 8 m . )

(Dansereau,

1958).
The climate of the red fir forest is the Dsb type.
cool, rather dry summer and a cold, extremely snowy winter.
cipitation ranges from 889. to 1651 mm. per year.

It has a
Pre

The lower papt of

this zone, bordering on the mixed conifer forest, receives the heaviest
precipitation.

"Oyer 80 per cent of the moisture of the red fir forest

falls in the form of winter snow," which is usually completely melted
by June (Oosting and Billings, 1943, p. 273).

The high moisture

requirements of this vegetation type prevent its spreading east of
the Sierra Nevada.
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The red fir forest, according to Oosting and Billings (.1943,
p. 274), is the true climax of the upper middle elevations in the
Sierra Nevada.

It is most often found in dense, almost pure stands

and favors low benches and valley bottoms where the soil allows the
roots to penetrate deeply and where there is some protection from the
wind.

Some largely undisturbed stands still remain, due to the

relative inaccessability of this community to logging.
Red fir (Abies magnifica) is the largest of all American true
firs and may exceed 45 m. in height.

At lower elevations, it is often

found in association with members of the mixed conifer forest:

Jeffrey

pine (Pinus Jeffreyi), ponderosa pine (P. ponderosa) , and white fir
(Abies concolor).

At its upper elevational limit, red fir is

associated most often with lodgepole pine, western white pine (Pinus
monticolal, and mountain hemlock.

The rocky soil and strong winds at

higher elevations serve to restrict the red fir forest to its present
area.
The mature red fir forest, because of the heavy shade it casts,
supports very little in the form of shrub and herbaceous layers.
Species that are present most often include Sierra chinquapin
CCastanopsis sempervirens) and snow brush (Ceanothus cordulatus).

Mixed Conifer Forest
The mixed conifer forest is the most complex type of potential
vegetation found in the study area.

Beginning near the 762 m. contour

line just east of Colfax, California, the mixed conifer forest extends
eastward along Interstate 80, between the two parcels of red fir
forest, surrounds the lodgepole pine subalpine parkland near Mt. Rose,

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

16
and borders on the sagebrush steppe west of Reno, Nevada.

The mixed

conifer forest ascends to near the 2438 m. level in several locations
in the transect, depending on local conditions, but its upper eleva
tional limit is generally from 1829 to 2134 m.
In the vast and diversified area over which the mixed conifer
forest extends, the climate is warm summer Mediterranean CCsb) in the
lower elevations and montane with a Mediterranean regime (Dsb) in the
higher elevations.

The dry summer and wet winter conditions on the

west slope of the Sierra Nevada are characteristic of the mixed
conifer zone.

The average precipitation of the area ranges from 635

to 2032 mm. per year, partly as snow.

The higher elevations of this

zone receive th.e greatest amounts of precipitation occurring in the
Sierra Nevada.
The mixed conifer forest is composed mainly of a mixture of
five tree species.
the zone.

Ponderosa pine is the most prevalent throughout

Incense cedar ÇLibocedrus decurrens) and white fir are

present in smaller numbers.

Sugar pine (Pinus lambertiana) and

Douglas fir (Pseudotsuga menziesii) occur throughout the higher
elevations where the mixed conifer forest borders the red fir forest
and the lodgepole pine subalpine parkland.

California black oak

(Quercus kelloggii). and other oaks are found in small numbers in the
lower elevations where the mixed conifer forest borders the California
oakwoods.
Some characteristic species found in the shrub layer of this
vegetation type are gooseberry' (Ribes roezlii), thimbleberry (Rubus
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parviflorus ) , greenleaf manzanita (Arctostaphylos patula), bearberry
(A. mariposa), and deerbrush ceanothus (Ceanothus integerrimus) .

California Oakwoods
The California oakwoods extend from the 122 m. contour east of
Rocklin to just east of Colfax near the 762 m. contour.

The oakwoods

are fairly dense, occupying the Sacramento Valley border and the lower
slopes of the Sierra Nevada.

The highest elevations are reached on the

warmer, more exposed slopes.

At the lower elevations, the California

oakwoods are " . . .

essentially a savanna community of the alluvial

fans and floodplains . . . "
p. 87).

of the Sacramento Valley (Burcham, 1957,

Within Dansereau’s (1958) structural types, a savanna is

composed of 10-25 percent tree cover.
The climate of the oakwoods zone is hot summer Mediterranean
CCsai.

Nearly all precipitation falls as rain during the winter.

is little chance of heavy rain in the hot summer months.
precipitation is from 381 to 1016 mm.

There

Average annual

Light winter snow is a possibility

in this zone.
The California oakwoods are made up of open stands of blue oak
(Quercus douglasii).

Interior live oak (0. wislizenii) and valley oak

CQ. lobata) are found in increasing numbers as one approaches the
California grassland of the Central Valley.
Between the California oakwoods and the mixed conifer forest is
commonly a band of chaparral (Smiley, 1921; Klyver, 1931; Burcham,
1957).

Cronemiller (1942, p. 199) stated;

"For the cover types of

dense evergreen scrub oaks, chaparral was invented.

Quickly the term

came to be applied to this type of cover and this is its usage today."
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Chaparral is brush in the Dansereau system of structural types.
Although the chaparral zone is nearly continuous in the central and
southern Sierras, it is spotty in the area of the study traverse and
is included with the oakwoods on Plate I.
Dwarfed trees and shrubs in a wide variety make up the chapar
ral.

They are mostly evergreen, profusely branched, and have the

capacity to withstand the long, hot, and dry summers of the area.

The

most characteristic dominants belong to four genera:

Adenostoma, Arcto-

staphylos, Ceanothus, and shrubby forms of Quercus.

Coulter pine (Pinus

coulter!) and digger pine (P. sabiniana) are found in the higher
elevations of this vegetation type.

California Grassland
The California grassland extends
traverse, in the vicinity of Sacramento,
Rocklin and Auburn.

from the western end of

the

eastward to a point between

The elevational range is from 15 m. at Sacramento,

to 120-150 m. along the eastern edge of the valley.
The average rainfall in the California grassland is from 152 to
1524 mm. per year.

There is little chance of measureable snowfall.

Temperatures over 37.8° C. can occur during the summer.

The climate

falls within the same Koppen type as that of the oakwoods (Csa).
Although the grassland is characteristically treeless, " . . .
it is widely transgressed by the valley oak . . .

making the exact

division between the grassland and the California oakwoods indefinite
in many places (Rurcham, 1957, p. 90).
Most of the California grassland zone within the study area
retains little of its potential vegetation, due primarily to over-
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grazing and urbanization.

Klyver (1931, p. 9) described the present

vegetation as " . . . a n overgrazed weedy phase of the native California
bunchgrass association."

Annual species of Bromus, Festuca, and Avena

have largely replaced the natural dominants, such as purple needlegrass
(Stipa pulchra) and nodding needlegrass (S. cernua).

Blue wild rye

(Elymus glaucus), pine bluegrass (Poa scabrella) , and deergrass
(Muhlenbergia rigens) were associates of these perennial grasses.

In

its natural state, the California grassland would probably fall in
Dansereau’s prairie structural category.

Juniper Steppe
The juniper steppe is the least extensive vegetation type,
except chaparral, found in the transect.

Altitudinally, it is situated

above the sagebrush steppe and below the mixed conifer forest.

Rela

tively small, scattered parcels of the juniper steppe are found where
elevations exceed approximately 1740 m. within the sagebrush steppe,
between Reno and Fernley, Nevada.
The climate of the juniper steppe zone is cold winter steppe
(BSk).

Average annual precipitation in this zone is somewhat higher

than in the surrounding sagebrush steppe because of increased elevation.
Average precipitation is 254-508 mm. per year, largely as winter snow.
Summers are hot and dry.

Summer maximum temperatures average near

26.7° C. and winter minimum temperatures average near -9° C.
The dominant species of the juniper steppe is western juniper
(Juniperus occldentalis).

This species is found scattered throughout

this zone in small clumps or as single shrubs.

Within Dansereau*s
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structural types, the juniper steppe is classified as shrub steppe.
On the warmer and drier south and west slopes, this species is often
quite sparse, attaining a large girth at the base but seldom reaching
a height greater than 6 to 7.5 m. (Smiley, 1921, p. 281).

On the

cooler and more moist slopes and flats, western juniper is associated
with Jeffrey pine and single leaf pine (Pinus monophylla).

Big

sagebrush (Artemesia tridentata) is the main species occurring between
the widely spaced junipers and small pines.

Sagebrush Steppe
The sagebrush steppe occupies the basin-like area around Reno,
the lower elevations of the divide across which Interstate 80 was
constructed east of Reno, and elevated areas within the salt desert to
the east,

A tongue extends westward along Interstate 80 to approxi

mately 24 km. west of Reno.

The elevational range is from 1524 to

1829- m.
Because of the rain shadow effect of the Sierra Nevada, the
climate of the sagebrush steppe is quite dry.

Precipitation averages

177-381 mm. per year, with much of this total coming as winter snow.
Higher elevations in this region, which support juniper steppe,
receive greater amounts of precipitation.
The climate is cold winter steppe (BSki, but it is neither
excessively hot in summer nor extremely cold in winter.

Winter

months average just below freezing and summer maximum temperatures
are in the 27.6° C. range.

Because of the dryness and high

elevation, the night-day temperature amplitude is great.
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In this area, sagebrush steppe appears to be climax where
average annual precipitation is greater than 171 m m . , and the
shadscale-greasewood desert climax where precipitation is less than
this amount.

This division is often quite sharp in the area of the

transect (Billings, 1945, pp. 96 and 106).
The lone dominant of the sagebrush steppe is big sagebrush.
This is a low, silvery gray, xeric shrub from 0.6 to 1.8 m. tall.
Occasionally associated with it are antelope bitterbrush (Purshia
tridentata) in the west and shadscale (Atriplex confertifolla) at the
eastern edge of the zone.

Billings (1949, p. 96) believed that

Purshia is less widely distributed through the zone than formerly
because of its extremely slow regeneration after fire.

In general,

Dansereau’s shrub steppe structural type, composed of fairly dense,
medium height shrubs, can be used to describe the sagebrush steppe.
Big sagebrush is quite dense in the western part of the sagebrush
steppe but, because of the Increased dryness, becomes more sparse as
one approaches the shadscale-greasewood desert to the east.

Fire,

along with overgrazing, has led to an invasion by annual bromes
(Bromus tectorum, B. rubens) which have replaced much of the natural
herbaceous layer of this vegetation type.

Shadscale-Greasewood Desert
The shadscale-greasewood desert occupies the basin floors, dry
lakebeds, and lower slopes in the northeastern end of the study area.
Elevations are from 1219 to 1524 m.

The climate is cold winter desert

(BWk), with a pronounced deficiency of precipitation in all seasons.
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The climate of this zone is distinctly drier and a little warmer than
that of the sagebrush steppe.
Poor soil drainage, strongly alkaline soils, and a paucity of
precipitation all combine to delineate the area occupied by this
vegetation type.

The shadscale-greasewood desert can be considered a

climax in this region too harsh to be dominated by sagebrush.
The dominants of the shadscale-greasewood desert are shadscale
and greasewood (Sarcobatus vermiculatus) .

These shrubs stand from

0.15 to 0.60 m. high, are shallow rooted, and are widely spaced.

An

underlying hardpan is often present and the barren expanse between
the shrubs is, with the exception of the lakebeds, covered by a desert
pavement of small rocks.

Billings (1949, p. 89) stated that the area

covered by these shrubs is usually " . . .
total area of the stand."

less than 10 percent of the

The characteristic openness of the stands

of these xeric shrubs meets the requirements of Dansereau's desert
vegetation structural type.

Other components of the shadscale-

greasewood desert are pickleweed (Allenrolfea occidentalis) and
winterfat

(Eurotia lanata).

The shadscale-greasewood desert has not been invaded by annual
bromes as is the case of the less dry sagebrush steppe.

The soil is

too salty to support these species and, as Billings (1949, p. 97)
believed, their absence causes fire to be relatively rare in this zone.
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CHAPTER III

THE HOLDRIDGE MODEL

The basic premise of the Holdridge model is that vegetation
types can successfully compete and survive only within a definable
climatic range.

Holdridge assumed that all other environmental

factors, such as topographic, biotic, and edaphic are dependent on
and, thus, are secondary to the influence of climate on the
structural types of the vegetation in any area.

In his attempt to

develop a system suitable for wide application, Holdridge limited
the model to only the climatic factors for which data are available
on a global scale, these being heat, precipitation, and the
évapotranspiration ratio,
Holdridge proposed that the structural types of undisturbed
potential vegetation, when viewed on a large scale, should reflect
the climatic conditions in which that vegetation exists.

Also, that

weather station data can be used to determine what the potential
vegetation once had been and again might become without human
disturbance.
In a sense, Holdridge’s system is neither a classification of
climate nor of vegetation, but a classification of the assumed
relationship which exists between them.

Structured upon a logarithmic

base, the model divides the earth's climatic range into equal units
23
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(Fig. 2),

These units are referred to as natural life zones.

A life

zone derived from the model is not expected to delineate a homogeneous
community, but rather a group of similar biotic associations, with the
association defined as " , . . a range of environmental conditions
\<dLthin a life zone together with its living organisms of which the
total complex of physiognomy of plants and activities of the animals
are unique" (Holdridge, 1964, p. 33).

The life zones comprise equally

weighted divisions of the three major climatic factors used to form
the model, namely heat, precipitation, and potential évapotranspiration.

Components of the Model
Heat
Biotemperature.

Biotemperature is a measure of only that heat

which is effective in plant growth.
are considered as 0° C,

All temperatures lower than 0° C.

Mean annual biotemperature is determined by

dividing the sum of the mean positive daily temperatures, in degrees
Centigrade, by the total number of days in the year.
but adequate . . . "
used for this study.

"A less precise,

method described by Holdridge (,1962, p. 1) was
Station values for mean annual biotemperature

were obtained by dividing the sum of only the positive monthly mean
temperatures, in degrees Centigrade, by twelve.

Biotemperatures

representing the heat factor increase logarithimica1ly from the top
to the bottom of the model (Fig. 2).
Latitudinal Regions.

The broken horizontal lines corresponding

to the mean annual biotemperatures of 1.5, 3, 6, 12, and 24° C. are
the guide lines for the boundaries between the seven latitudinal
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regions shown in capital letters at the left of the model.

The

latitudinal region to which any given station belongs may be deter
mined by correcting its mean annual biotemperature to sea level using
the profile for determining latitudinal regions (Fig. 3).
Altitudinal Belts.

The same biotemperature guide lines also

determine the altitudinal belts shown at the right of the model
CFig. 2).

A rough approximation of the elevational ranges of these

belts, which vary with latitude and from humid to dry regimes, is
given in the profile for determining latitudinal regions CFig. 3).
According to Holdridge C1964, p. 24), " . . .

these values must not

be taken too literally, but are helpful in working transects in
given areas."

The biotemperature guide line values for the altitudinal

belts can be affected by local conditions, such as topography, exposure,
slope, and prevailing winds.
Frost or Critical Temperature Line.
point, or threshold, shown in the model.

This is the only critical

It is the dotted line

labeled "Frost Line or Critical Temperature Line," and is located
between the mean biotemperatures of 16° and 18° C. CFig. 2).

This

line is intended to define cooler regions which experience a severe
killing frost at least once every three years and, thus, divides
vegetation which can survive such conditions from those of warmer
regions which are more sensitive to freezing.

This line is not cor

related with any single biotemperature but occurs within a range of
twelve degrees of mean biotemperature, being strongly influenced by
local climatic conditions.
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Precipitation
In constructing the model, mean annual precipitation was
employed.

Holdridge (1962, p. 1) defined mean annual precipitation

as " . . . the average yearly total of water which falls from the
clouds to an open site in the form of rain, snow, hail, or sleet,"
Although Holdridge admitted that condensation on the vegetation and
soil may contribute fair quantities of water to specific local sites,
he eliminated this from his calculations because standard meteoro
logical stations do not include this water in their records (Holdridge,
1964, p. 26).

Potential Evapotranspiration Ratio
The third and final climatic factor used by Holdridge is the
potential évapotranspiration ratio.

Potential évapotranspiration is

the amount of water which could be evapotranspired if the soil were
continually at field capacity and were covered by fully developed
potential vegetation.

It may be viewed as the water needs of plants.

This value is expressed in millimeters and is calculated for each
station by multiplying the mean annual biotemperature by the factor
58.93 (Holdridge, 1964, p. 28).

The potential évapotranspiration

ratio is the quotient of the annual potential évapotranspiration
divided by the mean annual precipitation.

Because the potential

évapotranspiration of a specific site is the total amount of water
which could be used by potential vegetation, and precipitation is the
actual amount of water available at that site, it can be seen that
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Holdridge’s potential évapotranspiration ratio is a measure of the
degree to which water needs are satisfied by precipitation.
The scale and guide lines for the ratio are found at a 60°
angle to the left of the model (Fig. 2).

A ratio of 1.0 indicates

that precipitation is exactly equal to the calculated potential
évapotranspiration.

This is the dry/humid boundary.

As the ratio

increases, precipitation is progressively less than water needs and
climates are increasingly more arid.

As the ratio decreases, the

climates are progressively more humid.
The guide lines for the potential évapotranspiration ratio
delimit a set of humidity provinces which integrate the relationship
between biotemperature and precipitation in all latitudinal regions
and altitudinal belts.

The names chosen by Holdridge for these

provinces are placed in their corresponding positions at the bottom
of the model.
The triangular areas formed by the guide lines are considered
to indicate climatic transitions between life zones, and the vegetation
of sites with such climates should be transitional in character.
positive classification, these transition areas are dealt with by
drawing hexagons as seen on the model.

Each hexagon defines the

climatic limits of one specific life zone.

Applying the Model
To use the model, only the mean annual biotemperature, the
mean annual precipitation, and the elevation above sea level are
needed for each weather station in the study area.

Biotemperature
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scales are located on both sides of the model and, by using a straight
edge, the guide line for the station's biotemperature is easily dra;m.
The same procedure is used with the precipitation scales found.at the
bottom and to the right of the model.

The intersection of the bio

temperature and precipitation guide lines locates the station on the
life zone diagram.

The potential évapotranspiration ratio can also

be calculated and a guide line drawn between the corresponding scales
at the left and at the bottom of the model, but this is not absolutely
necessary except as a check for accuracy.

Only the intersection of

two lines is needed to locate the station on the model.
It is then necessary to determine whether the station belongs
to a sea level, or basal, latitudinal region or whether it is an
altitudinal belt of another latitudinal region.

This is done by

lining up the values for biotemperature and elevation on the profile
of latitudinal regions and altitudinal belts (Fig. 3).
The following examples will demonstrate how the Holdridge
model is applied to individual weather station data.
Reno, Nevada
1.

Mean Annual Biotemperature 9.5° C.

2.

Mean Annual Precipitation

3.

Potential Evapotranspiration Ratio

4.

Elevation 1340 m.

187 mm.
2.98

The intersection of the lines drawn across the model for Reno’s
mean annual biotemperature and mean annual precipitation is located in
the hexagon labeled as Desert Bush (Fig. 2).

It is still necessary to

determine whether Reno belongs to the Cool Temperate sea level

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

31
latitudinal region, or whether it belongs to an altitudinal belt of
one of the warmer regions.

The biotemperature for Reno (9.5° C.) is

located at the bottom of the profile (Fig. 3).

A line is drawn from

that point parallel to the guide lines for the altitudinal belts
(subalpine, montane, etc.).

If the intersection of this biotemperature

line and the broken horizontal line corresponding to Reno's elevation
(1340 m.) falls within the shaded area representing sea level life
zones, then the life zone including Reno should be labeled "Temperate
Desert Bush."

However, because the intersection falls within the

montane altitudinal belt, the correct name for the life zone would be
"Temperate Montane Desert Bush."
Boca, California
1.

Mean Annual Biotemperature

6.2° C.

2.

Mean Annual Precipitation

3.

Potential Evapotranspiration Ratio

4.

Elevation

529 mm.
0.68

1687 m.

Boca's biotemperature and precipitation guide lines intersect
in the hexagon labeled Moist Forest.

The profile shows that the

correct name for Boca's life zone is "Temperate Montane Moist Forest."

Critique of the Model
Merits
Objectivity.

The Holdridge model can be applied objectively.

Little or no subjective judgment is necessary to locate stations on
the life zone diagram.

Although it is initially difficult to under-
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stand Holdridge’s methodology, further use and experimentation with
the model soon eliminates this problem.
Simplicity,

hlien long term climatic data are available, it is

possible to use the model to obtain a general picture of the environ
ments of the study area in a relatively short period of time.

Each

weather station can be located in a specific life zone with a minimum
of data and computation.

When two or more stations in the same

general locality are plotted on the model, the life zones which should
exist between such stations can be readily visualized and it is
possible to predict the life zones that should be encountered when
traversing the intervening territory.
Predictive Value.

If the model can be proved to be valid, one

of its greatest values would be to infer vegetation in areas where
field work has not been done, would be too costly, time consuming, or
is not feasible for other reasons.

Weather data have been recorded

in nearly all parts of the world, but there are still areas devoid of
sophisticated mapping of vegetation.
Identification of Climatic Nuances.

If the references to

vegetation were eliminated, the model might be useful in identifying
types of climatic environments, or bioclimates.

The model distinguishes

many more types of climatic environments than do the commonly used
classifications, such as those of Koppen and Thornthwaite.

The model

might be used to identify climatic nuances existing within the broad
climatic types of these classifications.
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Shortcomings
Highly Seasonal Climates.

The Holdridge model uses annual

averages of temperature and precipitation.
highly seasonal attributes of climate.

These data do not reveal

The strong seasonality of

precipitation in the Mediterranean regime, which affects the entire
study area, is obvious when weather station data are examined but is
lost when annual averages are incorporated into the model.
Because precipitation is concentrated in the cool season in
the Mediterranean regime, the Central Valley of California is able to
support a more mesic type of vegetation (grassland) than it could if
the precipitation were evenly distributed over the year.

Without a

Mediterranean precipitation regime, the potential vegetation of the
Central Valley might be something approximating "thorn steppe,"

The

failure of the model to reflect Mediterranean climatic effects probably
accounts for some of the discrepancies between the two transect maps.
The shortcoming of the model illustrated by the Mediterranean
climate is not restricted to that climate.
which climates are highly seasonal;

There are two ways in

(jL) strongly seasonal temperature

regimes and (2)_ highly seasonal precipitation regimes.

The problem of

highly seasonal temperature regimes (polar and continental climates)
is partially handled in the Holdridge model by using only temperatures
over 0° C.

No such adjustment exists within the model to accommodate

strongly seasonal precipitation regimes, such as those of the
Mediterranean, tropical savanna, and tropical monsoon climates.
Within these climates, the seasonality of precipitation is a severe
problem for plants because the dry season is warm or hot.
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Grassland Vegetation Types.

The model does not provide a

place for the tall grass prairie, tropical savanna grassland, and
perhaps the short grass steppe vegetation types.

It is questionable

as to what Holdridge meant by "steppe" in the center of the model.
Even though the steppe life zone may have been intended to include
the short grass steppe, the tall grass prairie could not possibly be
included because prairie is humid and would be located to the right of
the 1,00 potential évapotranspiration ratio line.
The potential vegetation type identified as California grassland
(Plate II, and often called the California prairie, is inferred as being
thorn steppe and dry forest by the application of the model (Plate II).
Terms such as thorn steppe and dry forest hardly evoke an image of a
natural grassland.

If the Holdridge model were applied to the Prairie

Region of the interior of North America or to the other great grassland
regions of the world (Tig. 4), the failure of the model to provide for
grasslands would be painfully obvious.
Description of Vegetation Types.

Nowhere did Holdridge clearly

describe or illustrate the vegetation types that are named on the model.
Holdridge'8 failure to adequately describe his vegetation types compels
one to refer to the traditional uses of the terms by botanists,
geographers, and ecologists,
"Forest" is commonly applied to forest, woodland, and sometimes
even savanna among Dansereau's (1958) types, while "thorn woodland"
would probably be classified as brush.

"Steppe" has been used by

geographers to describe several vegetation types, namely:
grass steppe, as in the Great Plains;

(1) short

(2) shrub steppe, such as the
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sagebrush type; and (3) even tall grass prairie, as in the ’’Russian
Steppes."

"Desert," as in the "cold desert formation," has been used

by botanists to include the sagebrush (shrub steppe) type,
Holdridge identified his life zones with labels that do not
accurately describe the vegetation that the model is supposed to infer.
Examples could be made of the dry, moist, and wet forest life zones.
Terms that refer to the environment rather than vegetation do not
help one to picture the structure of the vegetation of each zone and,
as stated by Ballard C1973, p. 28), " . . .

cannot be related to

other vegetative characteristics, either physiognomic or floristic."
The life zone model is intended to produce a "global categori
zation" (Holdridge, 1964, p. 9) of vegetation.

Although the names of

the individual zones, on a world scale, could not indicate specific
species of vegetation, perhaps their labels could be modified to
produce a clearer picture of the vegetation inferred by the application
of the model.

Instead of simply referring to a life zone as "moist

forest," some indication of the seasonality of climate and the use of
Dansereau's (1958) ten structural types of vegetation could be added
to provide a more descriptively accurate label.

A life zone labeled

"Mediterranean montane moist woodland" would produce a more correct
image of the California oakwoods vegetation type.

This image is

lacking in the Holdridge model.
Boundaries between Zones.

Although each weather station can

be readily assigned to the correct Holdridge life zone, the question
of whether the boundaries between the life zones are accurate remains.
The model is based on climatic data recorded at specific stations and
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does not permit. In its present form, the inclusion of the many con
ditions which determine microclimates in mountainous regions.

The

model does not provide for the delimitation of boundaries between
weather stations.
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CHAPTER IV

THE HOLDRIDGE LIFE ZONES

Sources of the Climatic Data
The climatic data used in this study were taken from the
Decennial Census of United States Climate, Supplement for 1951 Through
1960 (]J. S. Weather Bureau, 1965).

It was necessary to obtain tem

perature and precipitation averages over an extended period of time.
More recent information including the period between 1961 and 1970,
not published until 1975, was not available at the time this study
was undertaken.

The elevation of each station, in feet above sea level,

was available from the same source.
Columns one through three of Tables 1 and 2 resulted from the
conversion of the temperature, precipitation, and elevation into the
form required by the Holdridge model, using the method described in
Chapter III.

Determination of the Life Zones
By applying the converted climatic data to the Holdridge model
diagram and to the profile for the determination of latitudinal regions
and altitudinal belts, each weather station in and near the transect
was assigned a corresponding Holdridge life zone.

Tables 1 and 2 give

the name of each weather station, its climatic classification according
to Koppen, and the surrounding potential vegetation type.
38
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By referring to the model, it was relatively easy to predict,
from known climatic data and elevation, the life zones which one
should encounter between two stations.

A more difficult task was

delimiting the boundaries between life zones.

This was done by

calculating the change in biotemperature, precipitation, and elevation
necessary to move from one zone to another.
Holdridge provided several aids to make this task less difficult.
The model, itself, indicates the temperature and precipitation require
ments of each life zone.

On the profile for the determination of

latitudinal regions and altitudinal belts, he also indicated the
approximate vertical amplitude of each of his altitudinal belts.
are;

These

subtropical, 1000 m. ; lower montane, 1000 m , ; montane, 1000 m. ;

subalpine, 500 m.; and alpine, 500 m.

By the use of these tools and by

observing the position of each station on the life zone model, ten
life zones were distinguished and their boundaries delimited in the
study area transect.

These are shown on the map entitled "Holdridge

Life Zones Across the Northern Sierra Nevada" (Plate II).
The controlling effect of elevation in the determination of
life zones can be seen in Table 3.

The lowest biotemperatures found

in the transect fall within the subalpine moist forest zone, even
though this zone has approximately the same annual precipitation as
the much warmer thorn steppe zone of the Sacramento vicinity.

Spatial Association of Potential
and Inferred Vegetation
A grid consisting of ten squares to the inch was used to deter
mine the areal equivalence of the maps of potential vegetation and of
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Holdridge life zones (Plates I and II).

The grid was first applied to

Plate II to determine the total number of intersections present within
the boundaries of each Holdridge life zone in the transect.

The same

grid was then applied to Plate I to determine the number of inter
sections in each potential vegetation type that fell within the
boundaries of each.life zone.

The results were converted to percentages

to illustrate the potential vegetation components of each Holdridge
life zone found within the study area (Table 4).
An attempt to correlate the two maps by means of sophisticated
quantitative analysis would require many more occurences of each type
on each map than are found within the transect.

As a result, the

figures from Table 4 were combined with visual examination of the two
maps to determine the spatial association of the potential and inferred
vegetation types.

Subalpine Moist Forest
The single parcel of the subalpine moist forest life zone
found in the study area includes the upper reaches of Nevada’s Mt. Rose,
from approximately 2591 m. to the crest.

The elevation of the upper

slopes of Mt. Rose is the primary determining factor.

Temperature and

precipitation averages are considerably less than the surrounding
lower crests.

Within the transect, only here are found the conditions

necessary for the land to be placed in the subalpine life zone category.
The subalpine moist forest zone occurs entirely within the
lodgepole pine subalpine parkland potential vegetation type CTable 4),
but occupies only a small part of the area of the latter.

This is the
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Percentage of Holdridge Zones Occupied by Potential Vegetation Units

Subalpine moist forest
1. Lodgepole pine subalpine parkland
Montane
1.
2.
3.

moist forest
Mixed conifer forest
Red fir forest
Lodgepole pine subalpine

Montane
1.
2.
3.

wet forest
Mixed conifer forest
Red fir forest
California oakwoods

100

63
2$
parkland12

88
11

1

Lower montane moist forest
1. California oakwoods
2. Mixed conifer forest

74
26

Dry forest
1. California oakwoods
2, California grassland

59
41

T h o m steppe
1. California grassland

100

Montane
1.
2.
3.

steppe
Mixed conifer forest
Sagebrush steppe
Lodgepole pine subalpine parkland

Montane
1.
2,
34.

desert bush
Sagebrush steppe
Juniper steppe
Shadscale-greasewood desert
Mixed conifer forest

Montane
1.
2.
3.

desert
Shadscale-greasewood desert
Sagebrush steppe
Juniper steppe

83
15
2

Lower montane desert
1. Shadscale-greasewood desert

too

?6
14
10

61

20
18

1

Table 4
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only life zone In the transect which does not have a weather station.
The division between this zone and those altitudinally below it had to
be inferred by calculating the increase in elevation necessary to
produce a subalpine biotemperature.

For this reason, the area occupied

by the subalpine moist forest can be assumed to be less accurate than
the other life zones derived from the model.

The terms "savanna,"

"woodland," and "parkland" do not appear in the Holdridge model.

If

the word "forest" is used rather loosely, the subalpine parklands
conceivably could be called subalpine moist forest.

Montane Moist Forest
The montane moist forest life zone is situated below the
subalpine moist forest.
1981 to 2591 m.

Its elevational range is from approximately

It ends quite abruptly on the lower and eastern

slopes of Mt. Rose, where conditions become less humid, but extends
approximately 48 km. down the west slope of the Sierra Nevada to
within 8 km. of Lake Spaulding, California.
Two-thirds of the montane moist forest life zone is within the
mixed conifer forest potential vegetation type, with the remaining
area divided between the red fir forest and the lodgepole pine sub
alpine parkland (Table 41.
Although temperature averages for stations within the montane
wet forest may be similar to those of this zone, precipitation averages
may be as little as one— third of that for stations located within the
montane wet forest.

A comparison between stations within each of these

zones will illustrate this important difference.

Boca, California,
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within the montane moist forest life zone, has a biotemperature of
6.2° C. and an average annual precipitation of 529 mm.

Lake Spaulding,

within the montane wet forest life zone, has biotemperature and
precipitation averages of 8 .6 ° C. and 1688 mm., respectively (Table 1).

Montane Wet Forest
The life zone occupying the largest area within the California
half of the transect is the montane wet forest.

It occurs on the

middle slopes of the Sierras and extends almost to the Nevada line
south of the Donner Pass route.

The montane wet forest has the

greatest elevational range of any life zone within the study area.
extends from approximately 914 to 1981 m.

It

It is within this eleva

tional range that the prevailing westerly winds cool sufficiently to
release most of their moisture.

The result is the highest

precipitation averages found within the transect.
The temperature averages of the montane wet forest zone are a
marked contrast to the lower montane moist forest to the west.

Lake

Spaulding, within the montane wet forest, has a biotemperature of 8 .6 °
C. while Colfax, within the adjacent lower montane moist forest, has
a biotemperature of 15.2° C.
The mixed conifer forest vegetation type seems to be dominant
in both montane forest life zones (Table 4), especially in the montane
wet forest.

When both the montane moist and montane wet forest zones

are considered together, they correspond fairly well with the red fir
and mixed conifer forests combined.

Because of large amounts of

precipitation or relatively low temperature averages, or both, it is

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

47

reasonable to describe the red fir and mixed conifer forests combined
as moist or wet forests.

However, the boundary between the Holdridge

moist and wet categories does not correspond to that between red fir
and mixed conifer forest.

Lower Montane Moist Forest
The lower montane moist forest life zone occupies a narrow
band along the lower slopes of the Sierra Nevada.
are from 610 to 914 m.

Elevations here

Temperature averages are similar to those of

the dry forest and thorn steppe life zones to the west.
This similarity ends when precipitation averages are compared
for the same life zones.

Colfax, located in the center of the lower

montane moist forest life zone, receives an average of 1223 mm, of
precipitation per year while Auburn, near the center of the dry forest
life zone, receives only 881 mm, for the average year.

This difference

becomes more pronounced when Colfax is compared to stations further
west, such as Rocklin.
Roughly three-fourths of the lower montane moist forest zone
is %^thin the California oakwoods potential vegetation type (Table 4).
The upper portion of the California oakwoods might be considered moist
forest if, again, the term "forest” is loosely applied.

Dry Forest
The dry forest life zone is a broad band occupying an area
approximately 48 km. in width, beginning in the west at the 30 m.
contour and extending 16 to 24 km, east of Auburn.
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There are marked differences In biotemperature and precipitation
compared to the thorn steppe, to the west, and the montane conditions
existing in the zones to the east.

A selected station in the dry

forest life zone might have precipitation averages similar to the thorn
steppe, but would have a much cooler average biotemperature.

Conversely,

biotemperatures for the dry forest and lower montane moist forest life
zones would be similar, but the precipitation average for the dry
forest would be much lower.
Roughly three-fifths of the dry forest life zone is occupied
by the California oakwoods potential vegetation type (Table 4) .

It

would seem reasonable, based on temperature and precipitation data for
this area, to refer to part of the oakwoods as "dry forest."

However,

the remaining two-fifths of this zone falls within the California
grassland, which in no way can be considered dry forest.

Thorn Steppe
The southwestern end of the transect falls within the thorn
steppe life zone.

The northeastern edge of this zone is approximately

the 30 m. contour, located at the midpoint between Sacramento and
Rocklin,

In the southwest, it includes the two Sacramento stations

and continues westward beyond the transect.
The thorn steppe has the smallest vertical amplitude of any
life zone in the transect.
level.

It descends to as low as 6 m. above sea

Within this zone, the average biotemperature at Sacramento is

16.3° C . , the highest of any station in the transect.

The thorn steppe

is also the driest life zone in the California half of the study area.
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The major discrepancy between the two maps (Plates I and II)
is in the area of the thorn steppe and dry forest life zones.

All of

the thorn steppe and two-fifths of the dry forest life zones fall
within the California grassland potential vegetation type (Table 4) .
Regardless of how liberally the terms "forest" and "thorn steppe" are
used by Holdridge, it is very difficult to understand how a natural
grassland can be characterized as dry forest or thorn steppe.

This

failure of the model to correctly predict the vegetation on the floor
of the Central Valley could easily be due to at least two of the
model’s shortcomings examined earlier:

(1 ) it does not take into

account the highly seasonal contrasts of the Mediterranean climate
and (2 ) no provision is made for grassland, except perhaps in the
steppe hexagon.

Montane Steppe
Because the Pacific air has lost most of its moisture while
ascending the west slope of the Sierra Nevada, the life zones east of
the crest have much drier conditions than the moist and wet forest
life zones of California.
The primary condition which helps to differentiate the montane
steppe life zone from the other dry life zones to the northeast is
elevation.

Cooler temperatures resulting from the greater elevation

of this life zone provide for more efficient utilization of existing
moisture, thus creating steppe, rather than desert, conditions.
The montane steppe life zone is a narrow belt, approximately
8 km. in width, situated along the eastern front of the Sierra Nevada.
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The upper limit of this zone is near the 2286 m. contour.

A tentacle

of the zone extends westward along Interstate 80 to within 8 km. of
Boca, California.

The lower limit of the montane steppe, where it

merges xdLth the montane desert bush life zone, is near the 1829 m.
contour.
One of the main discrepancies between the two maps (Plates I
and II) is along the east front of the Sierras.

The area occupied by

the montane steppe life zone is roughly 76 percent mixed conifer
forest and 10 percent lodgepole pine subalpine parkland (Table 4).

By

no stretch of the imagination can either of these types be considered
"steppe," the classification given to this area by the application of
the Holdridge model.

In this case, the model has again proven itself

incapable of predicting the correct vegetation formation.

Montane Desert Bush
This zone is discontinuous in the study area.

It forms a

narrow band along the lower edge of the montane steppe life zone and,
further east, occurs as irregular parcels where elevations exceed
approximately 1524 m.

These parcels are like topographic islands

rising slightly above the floor of this part of the Great Basin.
The elevation of the montane desert bush results in a cooler
biotemperature and slightly higher precipitation averages than the
surrounding desert life zones.

Precipitation falls primarily as

winter snow.
Although approximately two-thirds of this zone is occupied by
the sagebrush steppe potential vegetation type, the juniper steppe.
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shadscale-greasewood desert, and mixed conifer forest vegetation
types are also present (Table 4).

Montane Desert
The montane desert life zone occurs below the montane desert
bush life zone.

It occupies the flat basin floors— except for some of

the areas below 1219 m . , where the lower montane desert occurs— and
extends up the lower slopes to approximately 1676 m.

Within the

transect, the zone constitutes a sinuous parcel extending from near
Reno to Lovelock.

The area surrounding Humboldt Lake and Humboldt

Sink is included in this life zone.

The shadscale-greasewood desert

potential vegetation type dominates the montane desert, occupying 83
percent of the area (Table 4).
Although the biotemperature of this life zone is somewhat
higher than that of the montane desert bush, the greatest difference
between the two zones is the greatly decreased amount of precipitation
in the montane desert.

Lower Montane Desert
Much of the area having the lowest elevations in the Nevada
half of the transect, less than 1219 m , , has been assigned to the
lower montane desert life zone.

It occupies the area of the transect

that includes the northwestern corner of Carson Sink, between Lahontan
Dam and the Lovelock airport.
The lower montane desert life zone is largely an alkali flat.
The driest precipitation regime in the entire transect is combined with
the highest temperature averages in the Nevada half of the study area.
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There is a pronounced spatial association, in the eastern end
of the transect, of the montane desert life zones and the shadscalegreasewood vegetation type.

Eighty-three percent of the montane

desert and all of the lower montane desert life zones are occupied by
the shadscale-greasewood desert CTable 4).

In this area, the corres

pondence between the two maps is rather good.
All three of the desert life zones derived by the application
of the Holdridge model are more or less coextensive with the juniper
steppe, sagebrush steppe, and shadscale-greasewood desert vegetation
types together.

It is not too unreasonable to call all of these

vegetation types "desert," if one is using the word "desert" loosely.
The Intermountain shrub steppe lands have frequently been referred to
as the "cold desert formation."
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CHAPTER V

CONCLUSION

The application of the Holdridge model failed to predict
accurately the potential vegetation of the transect.

The general lack

of areal equivalence between the potential vegetation types and the
life zones resulting from the application of the model indicates that
the usefulness of the model, in its present form, is limited in
temperate regions.
The model was fairly accurate in predicting the potential
vegetation in approximately one-half of the transect.

There is a

rather good correspondence between the forest potential vegetation
types on the west slope of the Sierra Nevada and the montane moist
and wet life zones inferred by the model.

There is also a fair

correspondence between the sagebrush steppe and shadscale-greasewood
desert potential vegetation types combined and the three desert life
zones together.

This may be explained by the reduced effect of the

Mediterranean precipitation regime on the eastern half of the study
area.
The model failed to show a close correspondence between
potential vegetation and Holdridge life zones in the rest of the
transect.

The greatest discrepancies were in the Central Valley and

along the east front of the Sierra Nevada.

The area of the California

53
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grassland in the Central Valley is classified by the application of
the model as thorn steppe and dry forest.

Although the east front

of the Sierra Nevada falls largely within the montane steppe life
zone, the mixed conifer forest and lodgepole pine subalpine parkland
potential vegetation types found there cannot be characterized as
steppe vegetation.
Since the model proved to be only about 50 percent accurate,
its use to predict potential vegetation in the study area is unaccepta
ble.

The failure of the model in parts of the transect may be due to

inherent shortcomings in the model.
summarized as follows;

These shortcomings may be

Cl) The model, through the use of temperature

and precipitation averages, does not indicate the seasonal attributes
of climate.

C2i The model lacks life zones that accommodate the world’s

grassland vegetation types.

(3) Holdridge did not clearly illustrate

or describe the vegetation types that are inferred by the model.

To

overcome these weaknesses, if it were possible, an in-depth revision
of the model would be required.
Ballard (1973) concluded that the Holdridge model was incapable
of accurately predicting vegetation in Arizona.
that " . . .

She stated (p. 56)

the system would seem no better than many other previous

classifications."

Her conclusions agree with those of this thesis.

The application of the Holdridge model in this study provides
no basis on which to recommend its continued use in temperate areas.
Unless an in-depth revision of the model were made to make it applicable
to grasslands and highly seasonal environments, the model should be
abandoned before any more effort is expended on it.
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